Abstract: This work is an experimental approach based on the method of experimental plans to determine a specific formulation of a resin concrete. In this study, an unsaturated polyester resin (thermosetting resin) was used with two types of mineral fillers (dune sand and crushed sand), and with the addition of a marble powder to ensure the continuity of the particle size mixing granular. The lack of the methods for developing this kind of composite materials, had led us to perform an initial experimental approach to define the experimental field, that is to say determine the mass proportions of the various compounds of mixture of our study. In the second approach, we have established and implemented fully experimental plans with three factors namely: Factor 1: sand, factor 2: resin, factor 3: marble powder. Test results being the density of polymer concrete and the mechanical resistances. Finally, multi-parameters regression allowed us to determine predictive mathematical models for the different responses of the study. Tests results showed that at three days we got a tensile strength of about 16 MPa with a resin concrete density of 1.9 g/cm 3 . This shows the advantages of this material.
Introduction


Resin or polymer concrete is relatively new high performance material that has significantly progressed in the last 30 years. It is generally produced from a liquid resin mixed with coarse and fine inorganic aggregates such as gravel or crushed stone and sand. It is usually used in severe conditions in industrial and public buildings as well as transportation and hydraulic structures [1, 2] .
Comparatively to the Portland cement concrete, resin concrete has high mechanical strength, good durability and in general greater resistance to the chemical products and corrosive agents [3] . It has also very low water absorption property and high freeze-throw stability.
The resins used to obtain a resin concrete are generally polymers based on four types of monomers or systems: methyl methacrylate, polyester prepolymer-styrene, epoxide prepolymer hardener and fiarfurolic alcohol [4, 5] . The use of polymer resins in concrete as a binding material has shown that the strength and failure modes of the produced concrete are mainly influenced by curing method, temperature and strain rate.
The resin binders are usually two components systems: one containing the resin (base) and the other a hardener (in the case of epoxy resins) or an accelerator (in the case of polyester resins) that reacts with the resin to form the binding material [6, 7] . The performance of resin concrete depends on the binder properties, type of filler and aggregates, curing temperature and components dosage.
The use of resin concrete has not limited on repair of structural elements, as it was, but it extended to be used with efficiency in precast components for buildings, bridges panels, hazardous waste containers, machine bases, and in various utility and transportation components [8, 9] . The resin preferred in this study is an unsaturated isophatalic polyester resin because of its low cost. The concrete made from this kind of resin is hard, rigid, and has high mechanical strength, but there is the risk of cracking with thick block moulding due to the internal stresses related to shrinkage of resin [10] .
The purpose of this study was to find the least amount of resin that be used to achieve acceptable strength and the cost effective in the same time. Following this step, the method of experimental plans to determine a specific formulation of a resin concrete was used.
Materials and Specimens Preparation
Used Materials
Sand: Two types of sand were used to prepare test specimens.
Dune sand: this is a clean, siliceous and fine sand of fraction 0/5 taken from BOUSAADA region. It was free of asphalt, dirt, and other organic materials. Its characteristics are regrouped in Table 1 .
Quarry sand: This type of local well-graded sand is obtained by crushing of the limestone rock from the quarry of COSIDER situated in EL-EUCH region (B.B.A). Its physical proprieties were shown in Table 1 .
Resin
The resin used in this study is unsaturated orthophthalic polyester, with blue color and a relative density of 1.25. It is polymerized in cold by the addition of a catalyst. This unsaturated polyester orthophthalic was used as matrix. The initial styrene content is about 39% by weight, methyl ethyl ketone peroxide (about 1.5% by weight was added as catalyst, the accelerator is the cobalt octoate (environ 0.2% by weight) [11] .
Marble Powder
It is a very fine powder, one of its main constituent is CaCO 3 . Its granularity is varied between 30 to 40 μm and its relative density equals to 2.71 g/cm 3 . The chemical composition of the powder is given in Table 2 .
Specimens Preparation.
Preliminary phase: first, due to the lack of methods to formulate a resin concrete, the objective of the first phase was the research for a resin concrete which should be homogenous easy to be implemented. For this, the amount of sand was fixed while the two other parameters namely the resin and marble powder are variable.
Resin content: The content of the resin used in this study varies between 15% and 30% by weight in comparison with the other constituents. The ration in weight between the marble powder (P m ), and the unsaturated polyester resin (P r ) varies between 0 and 50%. The different proportion of the materials used is regrouped in Table 3 according to the fraction below:
Presentation of the Obtained Results
Mixes based on the materials mentioned above were mixed according to the Table 3 and cast in 40×40×160 mm prisms [12] . They were prepared by mixing the polyester resin and hardener and, then adding the considered charges (dune and quarry sand, polyester resin and marble powder). These preliminary tests have revealed us some remarks with respect to the density, compressive and tensile strength.
Bulk Density
As shown in Fig. 1 , the bulk density of the tested specimens decreases with increasing the content of resin by weight. This diminution is due to the main characteristics of the unsaturated polyester resin which is the lightness. The bulk density is varied between 1.79 and 2.01 g/cm 3 .
Tensile Strength
Specimens were tested in indirect tension after 28 days of curing at room temperature. The results obtained have been reported in Fig. 2 .
Test results show that at 15% by weight of the resin which means the lowest content of this study, the tensile strength is very low. This can be explained by the fact that resin has not wrapped all the grains of sand to create a union between the grains so that they are detached from each other. However, at 20% by weight the resin, curve is already at the maximum which means a good cohesion between the different constituents of the material.
Compressive Strength
The results obtained after testing all the specimens under compressive load are shown in Fig. 3 . The increase in the amount of resin increases the compressive strength as it is shown in the Fig. 3 . This can be explained by the fact that the used resin provides to the mixture its characteristic strength. A strength of 90 MPa can be seen in these results with an amount of 30% by weight of resin.
Experimental Plans
We have opted for the technology of the experimental plans because, in comparison with a classical approach, we shall have a good quality of results, and a predictive capacity of trial results due to the mathematical modelling which allows by this method. This modeling allows the calculation of the value and the sign of the influential factors which maximize or minimize the system response [13] [14] [15] . This method also allows:
The knowledge of the parameters effects, and the deduction of influential parameters;
The possibility of assessing the correlations effects between parameters; Tensile strength, (MPa) N u m b e r o f s p e c im e n S p e c im e n w ith P M /P r = 0 S p e c im e n w ith P M /P r = 2 5 % S p e c im e n w ith P M /P r = 5 0 % If experimental field is known enough, this technology can allow the reduction of some tests in this study.
The Three Factors of Study
Having performed preliminary study, we deducted the levels of the different factors of this study. The three factors are at two levels (Tables 4 and 5 
Matrices and Responses of Different Factors
Bulk Density
The different measurements of the bulk density of the plan and the effects of the different factors are given in Table 6 .
Range of bulk density which is (1.79, 2.14) enables us to say that the made concrete belongs to the lightweight category of building materials. With the reading of the results of the multi-parametric regression, it appears clearly that:
The quarry sand, the presence of marble powder and a strong percentage of resin increase the density;
The interaction between the resin (up to 30%) and marble powder is very significant. Table 4 Different factors and levels of the experimental plans method.
Sand (S)
Unsaturated polyester resin (R) Marble powder (M)
Dune sand Quarry sand 20% 30% 0% 30% Table 5 Test matrix. 
N° of experience
S R M 1 -1 -1 -1 2 +1 -1 -1 3 -1 +1 -1 4 +1 +1 -1 5 -1 -1 +1 6 +1 -1 +1 7 -1 +1 +1 8 +1 +1 +1
Tensile Strength
It is noted that the resin and the marble powder play a major role. To obtain a high tensile strength, the mixture of the dune sand with marble powder (continuous granularity) and 20% by weight of resin will give this result. Table 7 will give the matrix of tensile strength effects of different tests.
Compressive Strength
All the factors effects are significant in the compressive strength model and even certain interactions. It is noticed also that the factors have the same effects on the compressive strength as on the tensile strength. Table 8 will give the matrix of the compressive strength effects of different tests.
Effect of Factors Variation
Effect of Factors Variation on Bulk Density
It is observed that for all the test specimens, as soon as there is an increase in the percentages by weight of the resin, the test specimen becomes lighter as it is clearly shown by the experimental plan, and the interval of this density which ranges between 1.79 and 2.14 enables us to say that the made concrete belongs to the light category. All the results are reported in Table 9 and Fig. 4 .
Effect of Factors Variation on the Tensile Strength
It is noticed that the quarry sand offers a poor strength while the dune sand of makes it higher. The Table 7 Matrix of tensile strength effects of different tests. resin must be estimated with precision because a great quantity of resin can disrupt the strength and make it lower, while a continuous granularity gives an output higher. This high strength can be offered by the marble powder. Table 9 shows the response of different factors for tensile strength.
Effect of Factors Variation on the compressive Strength
Compressive strength results are reported in Table  10 in which, it is clearly shown that dune sand gives a better performance than quarry sand, and the resin is a determinant factor to obtain a high compressive strength. Table 1 shows the effect of level of different factors on compressive strength. All results are shown in Table 11 and illustrated in Fig. 6 . 
Conclusions
This experimental study concerning the unsaturated resin concrete has as principal objective which is to formulate a resin concrete by using the experimental plans as a method to get the optimal proportions of different constituents. Experiments were planned and executed according to the factorial design technique using three variables at two levels.
The results obtained showed that the experimental plans method is a feasible method to formulate this special concrete.
This study shown also that the resin concrete using an unsaturated polyester resin and local materials is a very feasible material for building applications and public works. Even its use is very specific and limited to repair works, the addition of dune sans and marble powder improves the mechanical properties and reduced the cost of the composite.
In general, on the basis on the test results, the following conclusions can be made:
(1) This kind of concrete is lightweight, its bulk density is around 1.89 g/cm 3 ;
(2) The tensile strength is tripled compared to the strength of traditional concrete even with aggregates of higher dimension; (3)The compressive strength reaches a more substantial numbers of high performance concrete; (4)A mixture of sand dune and a content of 20% by weight of the resin provide the best experimental responses;
(5)The continuity of the mixture in this type of concrete is preferred to get high performance.
